###### What is already known on this topic?

-   Heart and respiratory rates vary with age.

-   Health practitioners need to be able to interpret heart and respiratory rates in acutely unwell children and determine whether these are normal or abnormal, and if abnormal, how abnormal.

-   Different centiles and normal ranges are described in the literature, sometimes with conflicting results.

###### What this study adds?

-   There is still some controversy over defining the normal heart and respiratory rates in infants and children, and hence, what is statistically abnormal.

-   Clinicians should consider adopting these centiles when assessing acutely unwell children.

Introduction {#s1}
============

The key components in the clinical assessment of a potentially unwell child in the emergency department (ED) are their heart and respiratory rates. All EDs have triage systems, and an integral component of the triage of a potentially sick child is the measurement and interpretation of these physiological parameters.[@R1] An abnormal heart or respiratory rate can alert the triage staff to a potentially serious problem that may not be immediately obvious, such as a child with tachypnoea resulting from respiratory compensation for metabolic acidosis in sepsis or diabetic ketoacidosis.

Several paediatric triage systems exist and have variable sensitivity and specificity for detecting serious illness.[@R2] A recent review of the Australasian Triage Scale (ATS) suggested that the system is valid for the most acute categories, but is less reliable for lower categories,[@R3] and also there have been recent attempts made to improve the Manchester Triage System for children,[@R4] the Canadian Triage and Acuity Scale paediatric guidelines (PaedCTAS).[@R5]

In order to interpret the heart and respiratory rates, practitioners must know what is regarded as normal for a particular age, as physiological parameters vary with age in children. Multiple, conflicting reference ranges for heart rates and respiratory rates have been published. These are often consensus-based and do not explain from where they were derived.[@R6] It is imperative that reference ranges are accurate, else practitioners may make incorrect assessments of whether these signs are normal or abnormal. Deteriorating trends in these assessments form the basis of paediatric early warning systems, where changes in physiology can provide an early warning of a clinical deterioration. However, the literature suggests these systems may not apply to undifferentiated patients in the ED.[@R9] [@R10]

In a recent paper, Fleming and colleagues presented new age-specific centiles developed for heart and respiratory rates by systematically reviewing all studies of these vital signs in healthy children.[@R11] They then used these centiles to define new evidence-based reference ranges. Bonafide and colleagues have also developed centile charts for these parameters, but these are based on paediatric inpatients.[@R12]

The aim of this study is to develop age-specific centiles for heart and respiratory rates by reviewing patients presenting to a paediatric ED, and comparing these centiles with the previously published work of Fleming and Bonafide and the Advanced Paediatric Life Support (APLS) reference ranges.

Methods {#s2}
=======

This is a retrospective cross-sectional study of infants and children presenting to the ED of the Children\'s Hospital at Westmead (CHW), Sydney, Australia from November 1995 to April 2011. CHW is a tertiary referral paediatric hospital that also provides secondary care to the local community. The ED currently has 50 000 attendances per annum with a 25% admission rate. Ethical approval was obtained from the Sydney Children\'s Hospitals Network Human Research Ethics Committee.

Data selection {#s2a}
--------------

All presentations between the study dates were retrieved from the ED electronic medical record (Health E-Care, MCare Systems, Sydney). Data were then restricted to infants and children aged 0--15 years, who were assigned a Triage Category 5. Australian EDs use a 5-point triage system with 1 being the highest and 5 the lowest priority. Category 5 patients should be seen within 120 min of arrival and should have no respiratory or haemodynamic compromise, be alert, have no or minimal pain, and no risk factors for serious illness or injury.[@R13]

We removed duplicate records (data from the same presentation defined as the same medical record number, date of birth and date of presentation) to ensure only one set of observations per patient per visit were included, and restricted analyses to children with a temperature at triage of \<38°C. Analyses were also limited to children who had both pulse and respiratory rates recorded. We also excluded a small number of observations that were clear errors. We excluded any observations for which the respiratory rate was ≤5 or ≥80 breaths per minute, and observations for which the pulse was ≤30 bpm, as these were clinically implausible for stable patients.

Data analysis {#s2b}
-------------

Data were obtained in Excel and edited in SPSS (V.19·0. Armonk, New York, USA: IBM) before being analysed using the freeware statistical program R V.2·5·2.[@R14]

We developed centile charts using quantile regression analyses, which are commonly used in creating growth charts. Quantile regression is a preferred method of providing median values as a measure of central tendency, and to obtain quantile values. This method is more robust against outliers than linear least squares regression, which provides estimates of mean values that may be biased by outliers. In the quantile regressions, we modelled age at triage in years as a predictor of pulse and respiratory rates. We also calculated 95% CIs about the quantiles.

The quantile regression parameters gave an estimate of the change in a specified quantile of the response variable produced by a one unit change in age. To improve the fit of the models and smooth the curves, cubic B-splines were used to model the centiles (1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 99th).[@R15] For respiratory rate, we used fixed knots at 1, 2, 4, 6, 8, 10, 12 and 14 years of age. For pulse, we used knots at 1 month and 6 months, and at 1, 2, 4, 6, 8, 10, 12 and 14 years in order to allow for greater flexibility in the centiles for children ≤1 year of age in the models. This also allowed for a possible increase in pulse in the first month of life, before a decrease, which has been observed elsewhere.[@R11]

We compared our centile charts with those of Fleming, Bonafide, and the APLS charts by plotting the estimates concurrently. Fleming supplied us with their centile data that enabled us to compare results from their meta-analyses with our centile results. Information for Bonafide and APLS was obtained from published documents.[@R6] [@R12] Graphics were produced in the programme R.[@R14]

Proposed heart and respiratory rates cut-offs were then derived using 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 99th centiles to maintain consistency with previously published papers.[@R11] [@R12]

To estimate whether there was terminal digit preference in the recording of heart and respiratory rates, we estimated the proportion of pulse and respiratory rate readings ending in each digit from 0 to 9.

Results {#s3}
=======

Participants {#s3a}
------------

Records numbering 668 616 were retrieved for all ED presentations in the defined period. After restricting to age 0--15 years and Triage Category 5, 220 193 records remained. A total of 54 071 duplicates, 24 423 records with incomplete data were also removed, leaving 141 699 records. Restriction to afebrile children with temperature \<38°C left 111 784 records. Eighty-eight implausible records were removed leaving a total of 111 696 unique individual respiratory and heart rates for use in the study.

Demographics {#s3b}
------------

The number of patient records in each age bracket is described in [table 1](#ARCHDISCHILD2014307401TB1){ref-type="table"}.

###### 

Demographics and derived centiles for heart and respiratory rates

  Age               Number of records   Heart rate   Respiratory rate                                                                                     
  ----------------- ------------------- ------------ ------------------ ----- ----- ----- ----- ----- ----- ----- ---- ---- ---- ---- ---- ---- ---- ---- ----
  0--\<3 months     3365                109          119                123   132   142   154   165   171   181   20   25   27   30   35   40   47   51   60
  3\<6 months       4493                100          113                118   124   135   145   155   161   174   20   23   25   27   31   36   42   46   55
  6--\<9 months     5927                100          110                115   121   131   141   151   159   172   20   22   24   26   29   33   38   42   51
  10--\<12 months   6005                98           105                111   119   127   139   150   160   174   20   21   23   25   28   31   36   39   46
  12--\<18 months   10 946              94           101                107   116   124   136   149   159   176   20   20   22   24   26   29   33   36   42
  18--\<24 months   9370                90           99                 103   112   120   132   145   154   172   19   20   21   23   25   28   31   34   40
  2--\<3 years      15 209              85           96                 99    107   117   126   138   146   162   18   20   20   22   24   27   30   32   38
  3--\<4 years      11 774              80           89                 94    102   111   121   131   138   152   18   20   20   21   24   25   28   30   34
  4--\<6 years      15 442              74           82                 88    96    105   117   126   133   146   18   19   20   20   23   24   27   28   32
  6--\<8 years      9100                69           78                 81    90    100   111   122   128   141   17   18   20   20   22   24   26   28   31
  8--\<12 years     12 672              64           72                 77    84    94    104   116   122   135   16   18   18   20   20   23   24   26   29
  12--\<15 years    6054                59           64                 69    77    86    97    106   113   127   14   16   16   18   20   22   24   24   28
  15--\<16 years    1339                56           62                 66    74    83    94    103   111   122   13   16   16   18   20   20   23   24   28

Main results {#s3c}
------------

[Figures 1](#ARCHDISCHILD2014307401F1){ref-type="fig"} and [2](#ARCHDISCHILD2014307401F2){ref-type="fig"} demonstrate the 1st, 50th and 99th centiles for heart and respiratory rates, with a graphical representation of the 95% CIs for centiles derived by us. The same centiles from the Fleming and Bonafide papers have been charted for graphical comparison. Data for all centiles are described in [table 1](#ARCHDISCHILD2014307401TB1){ref-type="table"} and compared with the Fleming and Bonafide centiles in online supplementary tables S1 and S2.

![Centile charts for heart rate in infants and children, with visual comparison against the centiles derived by Fleming and Bonafide.](archdischild-2014-307401f01){#ARCHDISCHILD2014307401F1}

![Centile charts for respiratory rate in infants and children, with visual comparison against the centiles derived by Fleming and Bonafide.](archdischild-2014-307401f02){#ARCHDISCHILD2014307401F2}

Comparison with APLS reference ranges {#s3d}
-------------------------------------

[Figure 3](#ARCHDISCHILD2014307401F3){ref-type="fig"} illustrates the results derived from plotting 1st, 50th and 99th centiles against the APLS reference ranges for heart and respiratory rates.

![Centile charts for heart and respiratory rates in infants and children, with visual comparison against the Advanced Paediatric Life Support (APLS) reference values.](archdischild-2014-307401f03){#ARCHDISCHILD2014307401F3}

Terminal digit preference {#s3e}
-------------------------

The proportion of readings that ended in a 0 was about 30% for both pulse and respiratory rates in contrast to the 10% that would be expected if there was no terminal digit preference. We also found that odd final digits were under-represented in the dataset; for pulse and respiratory rate, 76% and 93% of terminal digits were even numbers, respectively.

Discussion {#s4}
==========

We have analysed the heart and respiratory rates of 111 696 children presenting to a tertiary paediatric ED, categorised as Triage Category 5, and created centiles based on this data. Compared with other datasets that have been created from sporting or school environments, we feel this data are particularly valuable, as clinicians need to be able to assess infants and children in this environment and determine whether the child\'s heart rate or respiratory rate is normal, abnormal, or how abnormal.

When compared with the recent work of Fleming, our data are interesting. With respiratory rate, our data are graphically and clinically different. In infants, our 50th centile comes close to Fleming\'s 1st. Fleming only had respiratory rate data for 3881 children, and it is unclear how many were in each age bracket. Fleming also comments that the scatter plot for infant respiratory data is quite wide. Our data suggest that in children less than 3 years old, the respiratory rates are lower than those produced by Fleming, but as the child\'s age increases to over 3 years, our centiles are higher and become more pronounced as age increases. On comparing our heart rate centile data with Fleming\'s, in infants and children over 12 months of age, our centiles are also higher. One possible explanation for the higher respiratory and heart rates in older children could be anxiety associated with a visit to an ED; however, this does not explain the lower rates in children less than 3 years old.

To our knowledge, no literature exists on the change in physiology of well children attending an ED. We know that fever elevates both heart and respiratory rates,[@R16] [@R17] which is why we excluded patients with fever from the study. We also know that sleeping children have lower heart and respiratory rates,[@R18] [@R19] which is unlikely to influence our study results, as most children are awake at the time of triage as they are being examined by the nurse. Awake versus asleep observations may be important when considering activation criteria for rapid response systems, as asleep children may trigger an abnormally low heart rate or respiratory rate.

Comparing the derived centiles with those of Bonafide shows a good agreement for 50th centile for heart rate, with wider 1st and 99th centiles, possibly due to the sicker hospitalised patients in the Bonafide dataset. The 50th centiles for respiratory rate are different, but less extreme than the Fleming\'s centiles, following the same pattern. The 99th centiles show extreme variance across all age groups, probably related to the number of inpatients with diseases causing tachypnoea in the Bonafide dataset. The similarity in the 50th centiles between our data and Bonafide\'s suggests that these derived 50th centiles are quite robust and valid for a hospital setting. It is difficult to explain the differences found between Fleming\'s community data and the hospital-derived data, and further studies are required to investigate this, possibly including a further meta-analysis.

APLS is a respected resource for the acute care of children. It is important that the normal values they advocate are true and accurate. Graphical comparison suggests a good fit for heart rate across all age groups with the 1st and 99th representing extremes, and the 50th centile through the centre. By contrast, the respiratory rate plot reveals the APLS minimum range to be above the 50th centile up to around 5 years. This could mean that based on our data, children with normal respiratory rates could be classified as abnormally low based on the APLS guidelines.

We have used a retrospective dataset with no standard definition of how the variables should be measured. We feel that this gives strength to the study as this is real-world data, recorded as it would be in the medical record to be interpreted as it is recorded. However, we have shown with our results that it is likely that there was some rounding, or terminal digit preference, which is consistent with previously published studies.[@R12] [@R20] There are some practices that may explain this, for example, taking a reading over 10 or 15 s and multiplying the measurement to provide a rate per minute. Staff may also preferentially record to the nearest multiple of 10 or to a round number in a situation where a few units difference in readings does not influence clinical practice. We do not believe that such rounding practices would lead to consistent under-recording or over-recording.

Nurses are taught to measure heart rate and respiratory rate in a standard way, but this may not occur on every occasion. We have also used patients defined as Triage Category 5. It is possible that some patients could have been mis-triaged, and had an illness or injury significant enough to alter their baseline physiology, although with the number of patients included in this study, this is unlikely to have influenced the results.

All three studies have defined the extreme centiles, attempting to statistically define what is abnormal. This is really clinically irrelevant. What clinicians need to know is what is clinically abnormal. A patient may suffer a significant deterioration when they reach the 75th centile for heart rate, rather than the statistically significant 90th or 99th---we don\'t know. Clinical early warning scores are often derived from these statistical values and further work is required to determine the clinical variation from normal for age in children, which predicts a likelihood of deterioration.

There are now three major datasets on normal values in children: this study on well children attending the ED; Bonafide\'s on inpatients, and Fleming\'s meta-analysis and it is unclear which centiles clinicians should use for individual patients or populations. A further meta-analysis, or even a prospective study, with predefined subgroup analysis for these defined populations may be helpful. In the meantime, clinicians should be aware that different centiles do exist and normal ranges may have to be adapted for different settings.

Conclusions {#s5}
===========

Clinicians need to be aware that there is still some controversy over what represents a normal respiratory or heart rate in infants and children of various ages. The centiles derived from this study differ from those of the recent meta-analysis of Fleming, but have similar 50th centiles as in the work of Bonafide. Clinicians should consider adopting these centiles when assessing acutely unwell children. Additionally, although we have defined the extreme centiles, further work is required to determine at what centile the abnormality becomes clinically significant. Furthermore, APLS should review their current reference ranges for respiratory rates, particularly in infants and teenagers.
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